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Classical studies have shown that the natural 
variability of e and N forms in humic substances, in 
many cases, is not enough to distinguish significant 
differences amongst humic acids (HAs) Irom widely 
differing ongins. 
The present research show contrasting C and N 
distnbution pallerns when HAs are modified in the 
laboratory either through physical and chemical 
treatmenls or by methods locused on the selective 
enhancement 01 specific functional groups. 
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Fig. 1. Salid-state 13C_NMR spectra of chemically modified 
HAs. Superimposed dotted lines correspond to the original, 
untreated HA. Numbers on the peaks indicated major 
changes in signals intensity. Spectral ranges and main 
peaks: 0-46 ppm= alkyl + u-amino (13= methyl, 21= acetate, 
33= polymethylene); 46-110 ppm= O-alkyl (56= methoxyl, a-
The oxygen lunctionalily was modified by introducing 
and/or blocking the major lunctional groups 
(methylation, acetylation, oximation, nitration, 
sulphonation), whereas other treatments consisted on 
selective mild hydrolysis, comparatively drastic 
peroxidation 01 the HA carbon backbone or introduclion 
01 additional N-containing groups by nitration, oximation, 
amidation and ammonification. Figure 1 shows the 13e-
NMR spectra 01 the modified HAs. These resulls, along 
to those obtained by 15N_NMR spectroscopy, allowed a 
refinement 01 assignments 01 C and N lorms in the HJ 
structure. 
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Sulbnation lA 
amino; 103-105= anomeric C in carbohydrate, quatemary 
aromatic Cs in tannins); 110--160 ppm= aromatic/unsalurated 
(126= unsubstituted aromatic, 147-153= heterosubstituted 
aromatic, vanillyl+syringil lignin units); 160--200 ppm= 
carbonyl (172= carboxyl + amide, 198= ketone/aldehyde). 
